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Abstract 
Ag/BiOI composites were synthesized by a solvothermal process and subsequent photodeposition method. The 
prepared Ag/BiOI photocatalysts were characterized by X-ray diffraction (XRD), scanning electronic microscopy 
(SEM), energy dispersive spectrometer (EDS), transmission electron microscopy (TEM), X-ray photoelectron 
spectroscopy (XPS), and UV-vis diffuse reflectance spectra (DRS) measurement. The experimental results showed 
that the photocatalytic disinfection efficiency of E. coli using visible-light-driven Ag/BiOI was almost 99.99%, and 
significantly higher than that of BiOI. The determination of of released K+ further confirmed that the cell membranes 
of E. coli were ruptured in the photocatalytic disinfection.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
The presence of pathogenic microorganisms in drinking water has become an increasing concern 
throughout the world [1]. Chemical oxidation technologies have been applied to control the 
microorganisms in drinking water disinfection by adding chemical oxidants such as chlorine dioxide and 
ozone. Although a considerable efficiency to remove pathogenic microorganisms could be achieved, 
these chemical oxidation processes require expensive chemicals or costly equipment to generate the 
disinfectant onsite [2]. Therefore, alternative methods of controlling the microorganisms with non toxic 
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by-products are still desirable. Since Matsunaga and his coworkers for the first time reported the 
bactericidal effect of TiO2 photocatalyst in 1985 [3], the photocatalytic disinfection using titania as 
photocatalyst has been extensively carried out for the detoxification and inactivation of microorganisms 
under UV-A irradiation. However, the driving of TiO2-mediated photocatalytic process for the 
degradation of organic pollutants is limited by its optical property. TiO2 is only sensitive to UV light. 
Thus, exploring the highly-active photocatalysts with narrow band gap which function in the visible light 
region has attracted remarkable attention. 
Recently, Bismuth oxyhalides, BiOX (X =Cl, Br, I), have been extensively investigated due to their 
unique optical properties and promising industrial applications. Among them, BiOI with considerable 
photo-response in the visible light region (1.85 eV) has been applied in the photocatalytic degradation of 
organic compounds. However, to our knowledge, there is no pioneer report related to the visible-light-
induced disinfection for the microorganisms using BiOI. Moreover, the efficiency of visible-light-induced 
disinfection should be improved significantly to deal with the outbreak of harmful microorganisms. 
Herein, we synthesized the nanostructured Ag/BiOI composite by a solvothermal process and consequent 
photodeposition method, and investigated the photocatalytic disinfection performance of bacteria using 
Ag/BiOI composite under visible light. 
2. Experimental section  
Ag/BiOI composite was prepared by photodepositing Ag on BiOI particles. The preparation procedure 
is described as follows: 1 g of BiOI powder and appropriate AgNO3 was added into 40 ml of aqueous 
solution containing 10 mmol · l-1 HCOOH as a hole scavenger. The mixture was sonicated for 30 min and 
then stirred magnetically for 30 min to form the fine BiOI suspension, then the suspension was 
illuminated with a 500-W high-pressure mercury lamp for 2 h to conduct the photoreduction reaction, in 
which Ag+ was reduced to Ag and uniformly deposited on the surface of BiOI particles. A series of 
Ag/BiOI with Ag content of 0.5%, 1.0%, 2.0%, 5.0%, and 10.0% (Wt. Ag/Wt. BiOI), respectively, were 
prepared by changing the amount of AgNO3 in the Ag precursor solution. An EDS analysis was carried 
out to further determine the amount of Ag deposition in the Ag/BiOI. The results indicated that the 
amount of Ag in these Ag/BiOI prepared by the photoreaction were of 0.53%, 1.1%, 2.09%, 4.5%, and 
8.0% (Wt. Ag/Wt. BiOI), corresponding to the samples of 0.5%, 1.0%, 2.0%, 5.0%, and 10.0% (Wt. 
Ag/Wt. BiOI), respectively. 
The photocatalytic disinfection experiments were carried out in a photoreactor system, consisting of 
four parts, a 400 W commercial gallium iodine lamp (Shanghai Aojia Lighting Appliance Co. Ltd.) to 
-walled glass cooling tube with a 5.0 mm-thick 
cooling water, a batch Pyrex glass reactor, and air pump. The lamp was put in the cooling tube vertically 
with a cooling water flow (650 ml · min 1) to maintain reaction isothermality. The circulating water also 
ensured infrared filtering of the incident ray. For a typical photocatalytic disinfection experiment, 50 mL 
bacterial cell suspension with 0.5 g · L-1 of concentration catalysts was stirred with a magnetic stirrer, and 
aerated continuously with air flow of 160 mL · min-1 to fully produce a well-dispersed suspension during 
the photoreaction. 
3. Results and discussion 
3.1. Characterization of BiOI and Ag/BiOI 
The prepared Ag/BiOI were first examined by XRD. The XRD pattern of Ag/BiOI with different Ag 
content was shown in Fig. 1. All the reflection can be indexed to the tetragonal phase of BiOI (JCPDS No. 
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73-2062). No crystalline impurity can be detected. XRD result indicated that BiOI with the high purity 
was successfully synthesized by a hydrothermal method as-prepared. The crystalline Ag can not be found 
significantly in the Ag/BiOI sample, probably due to the small crystalline size of deposited metal [4].  
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Fig. 1. XRD patterns of Ag/BiOI with different deposited Ag content of 0.0% (a), 1.1% (b), 2.09% (c), 4.5% (d), and 8.0% (e). 
BiOI and Ag/BiOI were examined by SEM and their images were presented in Fig. 2. It can be seen 
clearly that both BiOI and Ag/BiOI were microsphere with a polyporous surface, the diameters of these 
spheres were in the range of 1-4 m. SEM images revealed that these microspheres were composed of 
nanoplates with several nanometers in thickness, and the structure of Ag/BiOI (Fig. 2b) is similar to that 
of BiOI (Fig. 2a). These nanoplates aligned radically to form hierarchical microspheres. EDS spectrum 
for Ag/BiOI indicated the existence of element Bi, I, O, Ag, further confirming that Ag was deposited on 
BiOI.  
 
 
 
 
 
 
 
 
 
Fig. 2. SEM images of BiOI (a) and 2.09%Ag/BiOI (b). 
To investigate the optical properties, the as-prepared samples were analyzed by UV-Vis absorption 
spectra in the wavelength range of 200-800 nm. The band gap energy of BiOI and Ag/BiOI can be 
calculated by eq. 1: 
hv = A (hv - Eg)n/2                                                                                (1) 
(a) (b) 
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v, A, and Eg was absorption coefficient, light frequency, a constant and band gap, respectively 
[5]. Among them, n depends on the characteristics of the transition in a semiconductor. With respect to 
BiOI, the value of n hv)1/2 versus energy (hv) would 
illustrate an approximate bandgap of the catalyst as shown in Fig. 3. The bandgap energies of BiOI and 
2.09%Ag/BiOI were estimated to be 2.03 and 1.80 eV, respectively, which were smaller than the bandgap 
of TiO2 (3.2 eV). Thus, it is believed that the better optical absorption of Ag/BiOI in the visible light 
range is an essential condition to conduct photocatalytic reaction under visible light irradiation. 
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Fig. 3. Plots of ( hv)1/2 versus light-absorbed energy for bandgap energy of BiOI and 2.09%Ag/BiOI. 
3.2. Photocatalytic disinfection performance 
Fig. 4 shows the effect of Ag content on the photocatalytic disinfection performance of BiOI under 
visible light irradiation. It can be seen that the efficiency of photocatalytic disinfection efficiency was 
significantly affected by the content of Ag deposition. The efficiency of photocatalytic disinfection 
increased with the increase of Ag content initially and then achieved a maximum value with 
4.5%Ag/BiOI. Once the content of Ag deposition was further increased, the efficiency of photocatalytic 
disinfection decreased. This increase may be related to the capturing of electrons by the deposited Ag to 
reduce the recombination of hole-electron pairs [6], whereas the decrease is probably due to the blocking 
of visible light by the over-deposited Ag crystalline [7]. Our experiment demonstrated that Ag/BiOI with 
4.5% Ag achieved the best performance in terms of disinfection efficiency.  
The photocatalytic disinfection of E. coli involves the initial photoexcitation of the catalyst, and the 
generation of electron-hole pairs under photoexcitation. The enhanced photocatalytic disinfection should 
be related to the efficient electron transfer between Ag and BiOI with narrow band gap. Many researchers 
have demonstrated that Ag nanoparticles possessed a property of electrons storage [8-9]. When a 
semiconductor and metal nanoparticulates such as Ag are in contact, the photogenerated electrons are 
transferred from the excited semiconductor to Ag until to equilibration. This electron transfer can reduce 
the recombination of hole-electron pairs, which is beneficial to improve the photocatalytic disinfection 
efficiency of E. coli. 
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Fig. 4. Effect of Ag content on photocatalytic disinfection of E. coli in aqueous solution under visible light irradiation. 
3.3. Destruction of cell structure 
K+ is an element universally existing in bacterial cells and involved in the regulation of polysome 
content and protein synthesis, K+ can be released from the interior component as bacterial cells of E. coli 
were ruptured. As a main product of the photocatalytic disinfection, potassium ion was used to examine 
the permeability of the cell membrane. It can be seen from Fig. 5 that the release of K+ during the 
photocatalytic disinfection of E. coli using 2.09%Ag/BiOI for 90 min (ca. 2.62 ppm) was significantly 
higher than that of using BiOI (ca. 1.87 ppm). The release of K+ was systematic and consistent with the 
trend of the photocatalytic disinfection efficiency. This further confirmed that the activity of Ag/BiOI was 
better than that of BiOI in the photocatalytic disinfection process. Therefore, the results of TEM images 
and the released potassium ion indicated that the cell membranes of E. coli were ruptured in the 
photocatalytic disinfection. 
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Fig. 5. Release of potassium ion from E. coli under different conditions. 
 
508   Zekun Fang et al. /  Procedia Environmental Sciences  18 ( 2013 )  503 – 508 
4. Conclusions 
In this study, Ag/BiOI was synthesized by a solvothermal process and subsequent photodeposition 
method. Their photocatalytic activities were evaluated by the inactivation of E. coli in aqueous solution. 
The experiment results showed that Ag/BiOI had a higher photocatalytic disinfection activity of E. coli 
than BiOI. The enhancement is attributed to the role of Ag deposits on the BiOI surface, which promoted 
the charge separation. The determination of released K+ confirmed that the cell membranes of E. coli 
were ruptured in the photocatalytic disinfection.  
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